The monitoring of hydrological extremes requires water level measurement. Owing to the decreasing number of continuous operating hydrological stations globally, remote sensing indices have been advocated for water level reconstruction recently. Nevertheless, the feasibility of gravimetrically derived terrestrial water storage (TWS) and its corresponding index for water level reconstruction have not been investigated. This paper aims to construct a correlative relationship between observed water level and basin-averaged Gravity Recovery and Climate Experiment (GRACE) TWS and its Drought Severity Index (GRACE-DSI), for the Yangtze river basin on a monthly temporal scale. The results are subsequently compared against traditional remote sensing, Palmer's Drought Severity Index (PDSI), and El Niño Southern Oscillation (ENSO) indices. Comparison of the water level reconstructed from GRACE TWS and its index, and that of remote sensing against observed water level reveals a Pearson Correlation Coefficient (PCC) above 0.90 and below 0.84, with a Root-Mean-Squares Error (RMSE) of 0.88-1.46 m, and 1.41-1.88 m and a Nash-Sutcliffe model efficiency coefficient (NSE) above 0.81 and below 0.70, respectively. The ENSO-reconstructed water levels are comparable to those based on remote sensing, whereas the PDSI-reconstructed water level shows a similar performance to that of GRACE TWS. The water level predicted at the location of another station also exhibits a similar performance. It is anticipated that the basin-averaged, remotely-sensed hydrological variables and their standardized forms (e.g., GRACE TWS and GRACE-DSI) are viable alternatives for reconstructing water levels for large river basins affected by the hydrological extremes under ENSO influence.
Introduction
Lakes, reservoirs, rivers, and wetlands are regions sensitive to changing climate. Given the unstable fresh water supply due to changing climate, water level and/or volume monitoring has become an important task [1] . The water level (or stage) (WL) is a basic hydrological variable observed traditionally for a river basin. This variable is useful for monitoring the water cycle and its extremes, including floods and droughts, with a view to achieving a stable water supply [2] , and paving a pathway for human sustainability in the near future [3] . Hence, continuous WL time series are necessary [4] .
However, owing to a lack of maintenance funding for ground-based hydrological stations, the number of continuous operating hydrological stations has declined recently around the world [5] . An alternative for indirect WL time series measurements is desired. Hence, despite poor temporal sampling rates compared with that in ground-based measurements, remote sensing measurements have been promoted for their near-global coverage, relatively low cost, and easy accessibility [6] . Moreover, measurements can be taken at multiple virtual stations for different river sections, which is not possible with local measurements at scattered locations along a river [7] .
Remotely sensed data from passive products, such as Moderate Resolution Imaging Spectrometer (MODIS), Landsat Thematic Mapper (TM), and Enhanced TM Plus (ETM+) images and active products such as satellite altimetry, have been explored since the 1990s for WL monitoring (e.g., [8] ), especially for sparsely gauged remote regions [9, 10] . Water surface area, floodplain inundation area, and the Normalized Difference Vegetation Index (NDVI), are commonly derived from passive remote sensing data to correlate WL or discharge including runoff because the derived data have been shown to have a good correlative relationship (e.g., [11] [12] [13] [14] [15] ). However, these data are merely indicators within the hydrological cycle but are not the water balance components. Satellite radar altimetry, initially designed for sea level and ocean tidal variation studies (e.g., [16, 17] ), is an active remote sensing technique that can directly yield WL variations of continental surface water [18] , such as lakes and rivers (e.g., [19] [20] [21] [22] [23] ). However, because the radar altimetry footprint signal is contaminated by land surface (e.g., [24] ), its accuracy is limited by the size of the radar altimeter footprint (i.e., 5 km for TOPEX satellite, 20 km for ERS-2 satellite, 3.4 km for Envisat satellite [25] ), which is normally larger than the width of a river channel (e.g., [26] ). In addition, the temporal sampling rate for the active remote sensing is normally larger than a 10-day period.
Aiming at observing monthly time-variable gravity from space, the Gravity Recovery and Climate Experiment (GRACE) mission, launched in 2002 [27] , is another active remote sensing technique. It is widely used to infer large-scale terrestrial water storage (TWS) variations at a monthly temporal scale (e.g., [28, 29] ) and to complement the lack of large-scale TWS data from ground-based measurements [30] , in which TWS is one of the components of water balance within a hydrological cycle [31] . GRACE can detect hydrological extremes (e.g., [32] ) as well as groundwater depletion (e.g., [33, 34] ). Given the water balance formulation (i.e., ∆S = P − ET − Q) (e.g., [35] ), the gravimetric-derived TWS (S) and its change (∆S) are useful for inferring precipitation (P) [36] , evapotranspiration (ET) (e.g., [37] ), and runoff (Q) (e.g., [38] [39] [40] ) for river basins, where these components except discharge can be indirectly captured by the remotely sensed data. Han et al. (2009) [41] inferred from the GRACE inter-satellite distance change that the TWS is useful to capture basin-dependent, seasonally changing surface water, which in turn can quantitatively relate the TWS to WL variations (e.g., [42, 43] ). Moreover, the WL is a power function of Q that represents the runoff of the whole basin at the river mouth, called a rating curve (e.g., [31, 44] ), and Q is a power function of S (e.g., [45, 46] ). Given the abovementioned reasons, as well as the basin-wide TWS component indirectly obtained from GRACE, it is expected that WL variations at the outlet of the river basin can be captured by GRACE TWS.
In addition, several hydrological indices, such as Palmer's Drought Severity Index (PDSI) [47] and the newly developed GRACE Drought Severity Index (GRACE-DSI) [48, 49] as well as El Niño Southern Oscillation (ENSO), enable WL reconstruction [50] . This is because ENSO is an event governing the precipitation pattern (e.g., [51] [52] [53] [54] ), which affects evaporation (or evapotranspiration) and TWS [55] , and, subsequently, the WL or discharge [56] [57] [58] [59] [60] . Several studies have revealed that ENSO events have an apparent teleconnection with floods and droughts (e.g., [61] ), which influences the water balance components for the past, the present (e.g., [62] ), and the future (e.g., [63] ), in the Yangtze River Basin (YRB). These hydroclimatic characteristics make the YRB a good geographical setting for an experiment. It is anticipated that the GRACE TWS and the aforementioned indices are presumably better at capturing the variations of WL than the NDVI and land surface temperature (LST) from passive remote sensing, because these localized instantaneous responses are not the direct cause but the consequences of precipitation and water storage of a region within a hydrological cycle.
This study investigates the potential usage of the GRACE TWS and its index in reconstructing the WL time series of one hydrological station at a monthly temporal scale limited by GRACE monthly temporal sampling. The reconstructed relationship is externally validated by predicting the WL time series of another location in the Yangtze River section, where a nearby in situ station is used to assess the performance. The available remotely sensed instantaneous data (i.e., NDVI [64] and LST [65] ), together with the PDSI and the ENSO indices, serve as baseline predictors for comparison with the WL reconstruction and prediction in the YRB based on satellite gravimetry.
Geography of Yangtze River Basin and Data Usage

Geographic Environment of the YRB
Situated at latitude 25 • -35 • N and longitude 91 • -122 • E, the YRB (Figure 1 ) is the longest river in China, originating from the Tibetan Plateau and flowing about 6300 km eastward into the East China Sea [66] . The basin is inhabited by 440 million people [67] . Generally, the entire YRB can be divided into three parts: the upper reach, between the Tibetan Plateau and Yichang; the middle reach between Yichang and Hukou; and the lower reach below the Hukou [68] . In addition, the YRB is affected by the subtropical monsoon climate [69] .
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Geography of Yangtze River Basin and Data Usage
Geographic Environment of the YRB
Situated at latitude 25°-35° N and longitude 91°-122° E, the YRB (Figure 1 ) is the longest river in China, originating from the Tibetan Plateau and flowing about 6300 km eastward into the East China Sea [66] . The basin is inhabited by 440 million people [67] . Generally, the entire YRB can be divided into three parts: the upper reach, between the Tibetan Plateau and Yichang; the middle reach between Yichang and Hukou; and the lower reach below the Hukou [68] . In addition, the YRB is affected by the subtropical monsoon climate [69] . The hydrological regime of the YRB is controlled mainly by the Indian Summer Monsoon (ISM) and the East Asian Summer Monsoon (EASM) in the Asian-Pacific system, which affects the precipitation in upper and middle-lower YRB, respectively [70] . As a result, the mean annual precipitation is 270-500 mm in the upper YRB, and 1600-1900 mm in the middle-lower YRB, respectively [71] . Under the monsoonal climate, the rainy season, ranging from April to September, generates tremendous amounts of precipitation within the YRB, particularly from mid-June to July [72] .
The intensities of ISM and EASM are also affected significantly by the ENSO events [73] . In fact, significant interaction between the Asian monsoon and ENSO has been demonstrated [74, 75] ; the EASM over northern China and Japan can be weakened by ENSO [76] . The ISM and EASM are weakened during El Niño events, which is the warm phase of ENSO, leading to less precipitation in some regions [77] . More recently, GRACE TWS and its teleconnections to ENSO have been explored for the YRB [78] and for the globe [55] . Therefore, ENSO events have a significant influence on the hydrological variables in the YRB. This demonstrates the practicality for WL reconstruction based on GRACE TWS and ENSO information, as will be discussed in Section 4.
Ground-Based and Remote Sensing Data
Because of the ocean tidal effect, no ground-based station has been established in close proximity to the estuary mouth of the YRB. Therefore, in situ time series data of the station closest (Datong) and the second closest station (Hukou) to the estuary mouth were chosen to reconstruct and validate the reconstructed WL, respectively, in this study (Figure 1 ). It should be noted that The hydrological regime of the YRB is controlled mainly by the Indian Summer Monsoon (ISM) and the East Asian Summer Monsoon (EASM) in the Asian-Pacific system, which affects the precipitation in upper and middle-lower YRB, respectively [70] . As a result, the mean annual precipitation is 270-500 mm in the upper YRB, and 1600-1900 mm in the middle-lower YRB, respectively [71] . Under the monsoonal climate, the rainy season, ranging from April to September, generates tremendous amounts of precipitation within the YRB, particularly from mid-June to July [72] .
Because of the ocean tidal effect, no ground-based station has been established in close proximity to the estuary mouth of the YRB. Therefore, in situ time series data of the station closest (Datong) and the second closest station (Hukou) to the estuary mouth were chosen to reconstruct and validate the reconstructed WL, respectively, in this study ( Figure 1 ). It should be noted that these WL data have a daily sampling rate in which the data are averaged into monthly sampling that is consistent with the remote sensing products. The time series of the two stations, with a time span between January 2000 and December 2013, were used in this study [79] . The highest and lowest WL usually occurred in July and February ( Figure 2 ).
these WL data have a daily sampling rate in which the data are averaged into monthly sampling that is consistent with the remote sensing products. The time series of the two stations, with a time span between January 2000 and December 2013, were used in this study [79] . The highest and lowest WL usually occurred in July and February ( Figure 2 ). Remote sensing products derived from the MODIS for the land surface were used [80] . These data are available from the Land Processes Distributed Active Archive Center (LP DAAC) [81] . Within the data products, the NDVI data from the MOD13C2 product and the LST data from the MOD11C3 product were chosen as a baseline for comparison with the GRACE TWS and its index, and for the PDSI and the ENSO indices.
GRACE TWS and GRACE-DSI
GRACE time-variable gravity observations enabled us to compute monthly equivalent water height (EWH; i.e., TWS) at the global scale, with a spatial resolution of 3° (e.g., [27] ). The EWH data were computed from the spherical harmonic coefficients (SHCs) of the degree-60 GRACE Level-2 Release 05 (RL05) monthly gravity field, including the calibrated uncertainties available in GeoForschungsZentrum (GFZ) [82] Pre-processing procedures were required to correct for geocenter motion in degree-one coefficients [83] , whereas C20 term was replaced in the GRACE GSM data by the Satellite Laser Ranging (SLR) results [84] before deriving EWH. To lower the spatially correlated errors of EWH at a higher degree [85] , a de-striping process [86] and Gaussian filtering with a radius of 350 km were applied [87] .
The pre-processed monthly EWHs were then used to: (1) directly correlate with ground-based observed WL and (2) calculate newly proposed GRACE-DSI followed by correlating with the observed WL in a standardized form.
To avoid abnormal TWS anomalies, the median of the TWS anomalies for each month of the entire time span was used, rather than the mean of TWS anomalies proposed in Reference [48, 49] . Hence, the GRACE-DSI (GI) was modified as:
where , ij S represents the TWS in year i and month j, and j s is the sampled standard deviation of TWS for month j separately. This standardization process can also be applied to the observed WL. Remote sensing products derived from the MODIS for the land surface were used [80] . These data are available from the Land Processes Distributed Active Archive Center (LP DAAC) [81] . Within the data products, the NDVI data from the MOD13C2 product and the LST data from the MOD11C3 product were chosen as a baseline for comparison with the GRACE TWS and its index, and for the PDSI and the ENSO indices.
GRACE time-variable gravity observations enabled us to compute monthly equivalent water height (EWH; i.e., TWS) at the global scale, with a spatial resolution of 3 • (e.g., [27] ). The EWH data were computed from the spherical harmonic coefficients (SHCs) of the degree-60 GRACE Level-2 Release 05 (RL05) monthly gravity field, including the calibrated uncertainties available in GeoForschungsZentrum (GFZ) [82] Pre-processing procedures were required to correct for geocenter motion in degree-one coefficients [83] , whereas C 20 term was replaced in the GRACE GSM data by the Satellite Laser Ranging (SLR) results [84] before deriving EWH. To lower the spatially correlated errors of EWH at a higher degree [85] , a de-striping process [86] and Gaussian filtering with a radius of 350 km were applied [87] .
where S i,j represents the TWS in year i and month j, and s j is the sampled standard deviation of TWS for month j separately. This standardization process can also be applied to the observed WL.
PDSI and ENSO Indices
PDSI [47] is an index that quantifies meteorological drought based on water balance within a soil moisture. It is quantified through all available temperature and rainfall data to determine the relative dryness, which ranges from −10 (dry) to +10 (wet). It has been proven to be excellent in observing secular trend of drought. These data are provided with 2.5 • × 2.5 • spatial resolution [88] .
ENSO, a climatic event with irregular periods, is generated by the atmospheric and oceanic interaction in the tropical eastern-to-central Pacific Ocean. This event, quantifiable by sea-level atmospheric pressure differences and sea surface temperature (SST) anomalies, causes floods and droughts lasting for several months every few years or a decade [52] .
Considering the different systems (i.e., ocean, atmosphere, and the coupled one) that generated the ENSO indices, we chose respectively the index SST anomalies in the tropical Pacific Ocean Niño 3.4 region, the Southern Oscillation Index (SOI), and the Multivariate ENSO Index (MEI) for this study. These data are available at [89] .
Methodology and Assessment Scheme
Correlative Analysis and Prediction Procedures
Apparent correlative relationships were revealed through a visual comparison of the observed WL time series at Datong station and the remote sensing data time series (i.e., NDVI, LST, and GRACE TWS) (Figure 3) . Therefore, to establish a correlative relationship, a line fitting (i.e., an offset plus a slope) between the observed WL time series at Datong station and the remote sensing data time series (i.e., NDVI, LST, and GRACE TWS) was directly conducted within the overlapped period between January 2000 and December 2013.
PDSI and ENSO Indices
PDSI [47] is an index that quantifies meteorological drought based on water balance within a soil moisture. It is quantified through all available temperature and rainfall data to determine the relative dryness, which ranges from −10 (dry) to +10 (wet). It has been proven to be excellent in observing secular trend of drought. These data are provided with 2.5° × 2.5° spatial resolution [88] .
Methodology and Assessment Scheme
Correlative Analysis and Prediction Procedures
Apparent correlative relationships were revealed through a visual comparison of the observed WL time series at Datong station and the remote sensing data time series (i.e., NDVI, LST, and GRACE TWS) (Figure 3) . Therefore, to establish a correlative relationship, a line fitting (i.e., an offset plus a slope) between the observed WL time series at Datong station and the remote sensing data time series (i.e., NDVI, LST, and GRACE TWS) was directly conducted within the overlapped period between January 2000 and December 2013. Because of the less apparent relationship between the observed WL time series and the monthly PDSI and ENSO indices, the observed WL time series were standardized using Equation (1) Because of the less apparent relationship between the observed WL time series and the monthly PDSI and ENSO indices, the observed WL time series were standardized using Equation (1) before establishing their relationship (Figure 4a) , which is referred to as the standardized water level (SWL). It should be noted that smoothing and re-scaling processes have been applied to the PDSI data before establishing the correlative relationship. This was achieved by obtaining the 5-month moving average of the PDSI values with re-scaling that matched the SWL. The monthly GRACE TWS and GRACE-DSI are basin-averaged time series that are comparable to the observed WL so as to minimize the local influence.
It can be observed that GRACE-DSI correlated strongly to the SWL when compared with that of PDSI (Figure 4) . No apparent temporal lag between GRACE-DSI (or PDSI) and SWL was observed in the YRB. However, a 7-month temporal lag between the ENSO indices and SWL was observed (Figure 5a,g ). This lag suggests teleconnection between the ENSO indices and SWL in YRB, It should be noted that smoothing and re-scaling processes have been applied to the PDSI data before establishing the correlative relationship. This was achieved by obtaining the 5-month moving average of the PDSI values with re-scaling that matched the SWL. The monthly GRACE TWS and GRACE-DSI are basin-averaged time series that are comparable to the observed WL so as to minimize the local influence.
It can be observed that GRACE-DSI correlated strongly to the SWL when compared with that of PDSI (Figure 4) . No apparent temporal lag between GRACE-DSI (or PDSI) and SWL was observed in the YRB. However, a 7-month temporal lag between the ENSO indices and SWL was observed (Figure 5a,g ). This lag suggests teleconnection between the ENSO indices and SWL in YRB, for which hydrological modeling improvement from time lag analysis (e.g., [54] ) is widely used. As a result, the 7-month temporal lag was shifted forward before the correlative relationship was established for all ENSO indices ( Figure 5 ). After establishing the above correlative relationships, all relationships were used to reconstruct the WL time series at Datong station, and the criteria described in Section 3.2 were then internally assessed. This refers to internal assessment. Afterward, we used these relationships to predict the WL time series of another location, where the Hukou station time series were used to validate the prediction performance. This refers to external assessment. for which hydrological modeling improvement from time lag analysis (e.g., [54] ) is widely used. As a result, the 7-month temporal lag was shifted forward before the correlative relationship was established for all ENSO indices ( Figure 5 ). After establishing the above correlative relationships, all relationships were used to reconstruct the WL time series at Datong station, and the criteria described in Section 3.2 were then internally assessed. This refers to internal assessment. Afterward, we used these relationships to predict the WL time series of another location, where the Hukou station time series were used to validate the prediction performance. This refers to external assessment. It should be noticed that apparent offset was observed (Figure 2 ), which is likely attributable to height difference between two locations. Therefore, the ratio (R) owing to this height difference, obtained from the ETOPO1 1-arc-min global relief topography model [90] , was applied using the below reverse procedures.
For the direct correlation relationship, the reverse formulae for the reconstructed WL (h D ) is:
where a and b are the offset and slope estimated from linear regression fitting (with an offset plus a slope) respectively, and RSD is the remote sensing data at the predicted location (i.e., NDVI and LST). An exception is that TWS is the averaged time series from upstream to the predicted location for the YRB basin. For the correlation between the SWL and the indices, the reverse formulae is:
where h D i,j and DI i,j represent the reconstructed WL and the index in year i and month j, respectively.
Performance Assessment Schemes
In order to compare the observed and estimated WL time series, regardless of whether internal or external assessment was used, the Pearson Correlation Coefficient (PCC), root mean square error (RMSE), and Nash-Sutcliffe model efficiency (NSE) coefficient were selected to assess the performance. PCC is a correlative coefficient defined as:
and RMSE is an accuracy estimate given by:
The NSE [91] is a performance coefficient used to evaluate hydrological models and is calculated as:
where X o is the observation, X o is the mean of X o , and X m is the estimate. NSE ranges from −∞ to 1. NSE > 0 implies the estimate matches well with the observation, whereas NSE < 0 means the accuracy of the estimate is lower than that of the observation. NSE closest to 1 indicates the most probable estimate.
Results and Discussion
In this section, the results of the reconstructed WL time series at Datong station and the predicted time series at Hukou station are presented. Both the LST-and NDVI-reconstructed WL matched well with the observed WL ( Figure 6 Compared with the above reconstructed WL, GRACE TWS and GRACE-DSI capture all WL peaks very well (Figures 6c and 7e) . GRACE-DSI displayed the best performance, regardless of whether PCC, RMSE, or NSE were used (Table 1) . We speculate that TWS is a dominant water balance component within the hydrological process of the YRB and that the basin-averaged TWS is integrated information that averages out the environmental influences. GRACE-DSI displayed an even better performance, which can be attributed to its standardization process that bypasses the influence of ENSO events. Table 1 . Internal and external assessment of the reconstructed water levels from various indices at Datong station and the predicted water level at the location of Hukou station, respectively, against the observed water levels. In the lower part, the constructed relationship between Datong time series data and various indices is used to predict the water level time series at the location of Hukou station along the Yangtze River. Summarizing the above result, the LST-, NDVI-, PDSI-, and ENSO-reconstructed WL are not well represented. This is because the LST and the NDVI are not water balance components that can directly relate to WL, despite their good correlation. In addition, the PDSI was made by using localized measurements that were contaminated by other environmental signals mixed with the climatic effect. Moreover, it is difficult to identify a plausible reason for the discrepancy of underestimated or overestimated ENSO-reconstructed WL peaks. Compared with the above reconstructed WL, GRACE TWS and GRACE-DSI capture all WL peaks very well (Figures 6c and 7e) . GRACE-DSI displayed the best performance, regardless of whether PCC, RMSE, or NSE were used (Table 1) . We speculate that TWS is a dominant water balance component within the hydrological process of the YRB and that the basin-averaged TWS is integrated information that averages out the environmental influences. GRACE-DSI displayed an even better performance, which can be attributed to its standardization process that bypasses the influence of ENSO events. Table 1 . Internal and external assessment of the reconstructed water levels from various indices at Datong station and the predicted water level at the location of Hukou station, respectively, against the observed water levels. In the lower part, the constructed relationship between Datong time series data and various indices is used to predict the water level time series at the location of Hukou station along the Yangtze River. Summarizing the above result, the LST-, NDVI-, PDSI-, and ENSO-reconstructed WL are not well represented. This is because the LST and the NDVI are not water balance components that can directly relate to WL, despite their good correlation. In addition, the PDSI was made by using localized measurements that were contaminated by other environmental signals mixed with the climatic effect. Moreover, it is difficult to identify a plausible reason for the discrepancy of underestimated or overestimated ENSO-reconstructed WL peaks.
Station
Of all reconstructed WL, GRACE TWS and GRACE-DSI perform the best, whereas all ENSO indices showed performances comparable to those of traditional remote sensing data at Datong station, as displayed in Table 1 .
By using the reverse formula from Equations (2) and (3) in Section 3.1, the WL time series were predicted at the location of Hukou station for all data and indices used in this study (Figures 8 and 9 ). Although the predicted Hukou WL time series were slightly less accurate than that of those recorded at Datong, Hukou WL prediction performed well ( Table 1 Of all reconstructed WL, GRACE TWS and GRACE-DSI perform the best, whereas all ENSO indices showed performances comparable to those of traditional remote sensing data at Datong station, as displayed in Table 1 .
By using the reverse formula from Equations (2) and (3) in Section 3.1, the WL time series were predicted at the location of Hukou station for all data and indices used in this study (Figures 8 and  9 ). Although the predicted Hukou WL time series were slightly less accurate than that of those recorded at Datong, Hukou WL prediction performed well ( Table 1 ). The relative ranking of all indices also remained the same as that constructed by Datong station data. Of all reconstructed WL, GRACE TWS and GRACE-DSI perform the best, whereas all ENSO indices showed performances comparable to those of traditional remote sensing data at Datong station, as displayed in Table 1 .
By using the reverse formula from Equations (2) and (3) in Section 3.1, the WL time series were predicted at the location of Hukou station for all data and indices used in this study (Figures 8 and  9 ). Although the predicted Hukou WL time series were slightly less accurate than that of those recorded at Datong, Hukou WL prediction performed well ( Table 1 ). The relative ranking of all indices also remained the same as that constructed by Datong station data. 
Conclusions
Contrary to traditional remote sensing observations and indices (e.g., LST and NDVI), the feasibility of reconstructing the water level at one station and predicting the water level at another location for the Yangtze River Basin using GRACE TWS and its derived index (GRACE-DSI) is investigated, in addition to PDSI and three ENSO indices on a monthly temporal scale. This is because the water balance and the climatic variables and their derived indices should yield indirect causal information with the water level.
It is shown that GRACE TWS and GRACE-DSI reconstructed water levels perform better than all other indices. GRACE-DSI yields the best reconstructed water level, with a PCC of about 0.95, an RMSE value ranging from 0.88 to 1.12 m, and an NSE of about 0.89. Both GRACE TWS and PDSI show a similar performance. These results are superior to those reconstructed from traditional remote sensing with a PCC less than 0.84, RMSE ranging from 1.41 to 1.88 m, and NSE less than 0.70, whereas the ENSO-reconstructed water level shows results comparable to those of traditional remote sensing. Similar performances, in terms of their relative rankings, are obtained for the predicted water level at another station location.
It should be noted that different hydrological and climatic indices may yield different performances when projecting hydrological conditions, which depends on the drought classification (e.g., agricultural, hydrological, and meteorological), ENSO influence, and hydro-geological properties of different river basins. Yet, a more comprehensive assessment is essential to verify the presented results further, with the inclusion of environmental indices derived from climate model outputs [92] for water level projections. In addition, with the improved temporal resolution of the above indices, our methodology will be further extended to include runoff-storage hysteretic analysis, and different combinations of hydrological variables and their corresponding indices for more efficient water level reconstruction and estimation.
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